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SUNMARY

Projct Y 30 06-3outlines a requirement for developing methods
1-1k. LIt~LLL to4 LIIJ.Qt 'IV Jnpr U 'ý ur ±zed shelter for passive defense

T ~igainst GBR age nts. A method for entrance, exit and air supply is neces-
sary and the sý'helter walls must prevent penetration of gas and aerosols.

Development of satisfactory entrance and exit methods present the
rno~st difficult problems. It is possible to use or convert certain type,,,
of existing wails to impermeable walls for gas and @erosol protection.
An air supply may then be obtained with diffusion materials or manually
operaited collective, protectors, Development and testing of many items
is required, but it appears that useful ventilated unpressurized shelters

can be created.
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INTRODUCTION

Prensurized ohelters offer complete protection against CBR agents,
but are o-xpens~i.e. P'roject N"' 300 006-3 was assigned to NAVCERELAB,
Port Hlueneme, Californiia by the Duruinu of Yards rind Docks for the develop-
menit of a shelter kit to convert existing s~tructures to unpressurized
shelters that provide economical emergency atmospheric protection. Two
types of unpressurized shelters are considered in this discussion, (1)
an unventilated sealed shelter with oxygen supplied by chemicals and
(2) a velltilatc.d sealed shulte.r using a manually operated collective
protector or diffusion barrier material. The maj or functional require-
mnents of unpressurized shelter facilities are:

(a) Provide an encloaure which is CBR~ agent-proof

Wb L)eoontaminate personnel entering

(c) Allow personnal to leave without contaminating interior

(d) Stupply pu~rif ied air to occupants

(e) Provide personal necessities such as food, water) toiletI
facilities, and emergency clothing

M~eans of providing these functions, are discussed in the following
paragraphs.

S1JJELTER FACILITIES

Ge neral Requirements

The shelter will preferably be an existing building or portion of
a building modified with non-critical materials. It should be non-
pressurizied and provide a gas tight entrance and exit. Air supply
sanitation imust depend on chemical treatment or seone manually or battery
operated ventilation system, and the shelter must function as an eme~r-
gency expedient rather than a permanent one.* It is desirable to provide
safe. personnel shelter for a minimum of 72 hours,

LeatL~ng of Shelter

The shelter, being unpresourized, must be ai~r right or its purpose
is defeated. Pr-otection against gas demiands~ the complete sealing of
the shelter for personnel protection, since microscopic openings will
allow gas to enter.

hiethods of sealing the shelter vary widely in cost, The cost should
not be oxcessive and non-critical material should be used. Possible
methods of aealing are: (1 a heavy coat of "cucoon" inaterial applied
to all wolls, (2) covering the walls with a thin sheet of plastic,



metal foil material, asphalt paper, or other vapor barrier material
and taping all seams, and (3) using tape, caulking compound or "cocoon"
to seal all cracks, windows, and doors.

The cheapest method would be the use of tape and caulking compound,
Unfortunately, many standard construction materials are permeable to gas,
and a basically impermeable structure is desirable for use of this-method.

Lntrance and Exit

The entrance and exit to an unpressurized shelter must be simple
in construction, gas tight and provide protection to personnel within
the shelter.

A water-seal, gns-trap entrance as proposed in the project assign-

ment could be used, it fabric tank, installed through a wall or doorway
of tye chamber would be required. The tank would be filled w, th water
trea1led with hypochlorite. A 50 ppm solution of chlorinated, pff con-
trolled water would not be harmful to personnel and with scrubbing on
the part of personnel using the entrance, might prove effective. The
tank could not be set up quickly in case of an emergency and would
therefore require previ.ous preparation.

A gas-tight air lock made from a clear, collapsible, plastic crawl-
through tube of sufficient diameter for personnel has been proposed. K
TAiis tube would be 6f suifficient length to permit a man to crawl through
and unseal and seal each end ns he passes through the device. Such pro- L
blems as entrance and exit gas-tight sealing mechanisms, prevention of
contamination carry-through and portability, would have to be solved. j •

* It is felt that this device could be developed as an emergency means of

air were~~~ti a this deviecol bepdevedyuloedsaspl fprfeleaving a shelter, Some contamination would enter .the air look and the
i/. . shelter when the tube was used reppatedly unless,/a supply-of pturifled .
•...;•"'] "air were available for ,scavenging.. ,

The many difficulties involved in providing a sabisfactory entrance
and exit system without some sort of air locks and scavenging air supply
make~s it seem necessa3ry that a manually operated collective protector is
essential for tho successful operation•of an unpressurized shelter. No
other successful method of entrance and exit has yet been demonstrated.

• Chemical Oxygen Supply

"Sodium chlor,•t candles can furnish oxygen to the unventilated
shelter by the thermal decomposition of the chlorate. Figures 2. and 2
show such a chlorate candle. The active life of the chlorate candle
is approximabely one hour, releasing 70 cubic feet of oxygen "nd 1000
13tu of heat. The entire canister may reach a temperature of 500F,
evolving hot oxygen, and must be handled accordingly. The oxygen outlet

I* is on top of. the canister and is scaled with a i/4" pipe plug (this plug
must be removed before pulling the starter ring). The canister must be
placed on a non-combustible surfoce when being used.
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Carbon Dioxide Absorti~on

The chem-tonls available havL not been tested, buL there should be no
difficulty with this problem if' an absorbent is determined to be desirable.

1- tn i~y and WM e ra Lure C ontLrol

Difficulties of humidity and temperature control would be dependent
on 'the wall maetrials oIf tile enclosure and exterior conditions. Hygro-4
scopic maet(rin~le aid considerably in minimizing the rise in RH from body

nutign, effects will govern inside temperatures to a large extent,. How-.

evr id~oeo h atr a eas~dt e favb'able at all times,

itis- necessary to provide some method of keeping these within safe limits.
Asealed room ona"htday woudb utslta sradiation or Waet

troledsPotential methods of' controlling' the humiidity are by using an,,
adsorber puqh. as a refrigerated condensing coil or ventilation. .Temperature
controlwihu usin'e electri~al power is diffIicult., but a manually operatedf

For long term 6helte# occupancy, the uppe,/r limit of safei tempe±'ature
varies with the rel~ative humidity., but in g~nb'ealp the follow ng donditio'ns
.- ,use considerable -heat stress: 8Q1F at 96 Pd I 90F at 90'RHI 95F at 85 RH,
and 105F at 60 1RH.

TEST IUESULTSI

An exploratory test was., made to observe the conditions and, reactions
of ptfr'zdunrlsl oonfined 'to-a sea-ls'- unrrtsssurized shelter. Five persons

It'were confined to a shel~ter for four hours. The first three hours wr
'without benefit of added oxygen.- A chlorate candle was used for the last
hourl,.'

T116 roqO selected for this tedt was 8' x 12' x 9 1/2', with a voliute
of.9lO Cu' f C. This voLume allowed approximately l8 u ft per persons
The, shelter 'was lpaneled. iith sheet plywood and the walls were well insulated
with fM.er gltos., All, seams, cracks, windowo and doors were sealed with
tn.pd' or c"Oulking aomou~nd. For ordinary purposes, the room was air tight.

A recording potent-iomrete~r was used to record temperatures during the
test. A' sling psychrom~eter and recordinig psychrometer were used to supple,-
'ient the thermocouple r-eadings. ,Pulse rates of all personnel were recorded
as an indication of personnel reaction,

j The wet and dry bul.b temperatures and relati~ve humidity, Figure 3,o
s how a steady increase, The ignition of a chlorate candle at the three
.hour mark caused a dec~ded increase in the temperature. The relative

ahumidity stabilized at approximately 50%,
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The correlation of pulse rate va. time is shown in F'igure 4. There
was little discomfort during the first three hours, although some diffi-
culty was noted near the end of that phase of the test. At the end of
the third hour of confinement,. the pulse rate shows a decided drop after
the chlorate candle was ignited. Three curves are used to indicate the
decided difference in the reactions among personnel confined to the room.
Some were affected very, slightly while others were affected quite severely,
A need for ventilation or aI method of odor absorption can be seen by the
irrit~ation caused by six cigarettes smoked and the oppressive feeling
from the stuffy air and body odors. It isinteresting to note that the
odýor lqevol in 1Uhe room became unpl.easant to the, occupants at the end of.
four hoturs, but not unbearable. After these people left the room and
bref~thed fresh air for a few minutes,, then went back into the shelter
room, the air was almost nauseating. This would be a problem for per'-
sonnel entering an already occupied shelter.

DIFFUS'/OU BARRIER MAThrMIALS

.,.eports on this materinl received so far indicate that .it allows
limited smounts of moisture vapor and heat to escape from the shelter.
Pr~perly applied, it mf~y offer many possibilities, bu.t apparently it

i/not "cIlure- all"

S4,.The M~st difficqlt problems encountered in unpressurized shelter
- Xconstri~ction are Me0 entrance fo~oilitiest the temperature and humidity

.:ontr'ol. To pz'ovi#e an adequiate unpressurized shelter, it seemb essen-'
tial ti4.Rt thle seleption andj uch of the preparation of the shelter must
be mad`6 weli iii aane of ny emez'genoy, -Suo preparationsmust, In-

lude 'onst, uc tio of the ~ntrance The ailities't'o be used, sealing of the6fri th othe reeronionAlne'l esur tes
~ . shlter a~lsa d peparJi.i of .. kit to be placed in the ecoue

hi's I'it wil i lude theY nces0,~ry eq~uipment for final sealin~g of the
/et-e* at thed fixe of, te"men!6go eote rainl eesyi

_Thý_resu S. of -the brief, test in yLbraoypronel i'idicatet.
/that 3to ihiusste ximum time that tho initial volume of 4ir used

in tbe tesit.#l be adequate for respiration under tavor'able conditions. t
Thi is. bas~d on having dry, cool air to start with. Longer occupanoy
requirdes a. /nothod of sir purification or supply. There seems to be no
reasonl why/a4 mahuailly operated collective protector of about 25 cfm cap-
acity, car~ir~t be devised. In a iC man', 1500 cubic foot shelter., this 4
2P ofm~ca provide one, change of air per hour. Probably, one hour's
o .peration 'out of every two hours would be ad-equate, A simple exit air
lock system would be practical if this type of protection were available@

Investigation of the reureet and eupntavailable for
unpressurized shelters indicate the following:

5I
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1. CJhemical control of air conditions can be accompli~shed but the
chcmirwnls are' oxpansive and create other problem.4 in temperature control.

2, E'ntr.!.nce to or exit from an~ unventilated shelter would require a 1
k. conipli~cnted sy3temn of axir locks or seals,

3. Sealing of existing construction for CBR agents is costly and will
usually ma~ke) the space unsuitable for other uses.

* Tt~is therefore concluded that a manually operated coltýective protector '
is the most economical miethod of solving the problems of oxygen, C02)
temperature, humidity., and entrance and exit. The necessity ,for sealing will
not be romoved, but the quality of sealing required may be reduced, Spaces
d(w.ignated as protective shelters under these conditions: "I~ be used for
other purpoot35.

PROPOSED FVU1'JRI PLANS3(

1. Develop~ a inAnually operated collective protector if or small pro-
'tective ashelterv,

'd wiha i

2, Develop an inexpensive air lock for en trance and exit wtamnu- ~ j
ally operatedL decontamination shower#

3. Conduct evaluation teats'of those devices in a htewicisI
f itted out and se'aled in an existing buildings

Ii 4Vith the~e devices as the key, develop a kit for-prepar'ing smnJll
prote ctive shelters within e~xisting structures.

5.Prep~are a report which discusas athe methods, planning, equipment
and perton rjuired for the use of these and other'.new devices in
ýpassive defen6e organizations,
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